
1 

History of EXAFS  
E. A. Stern 

 
1. X-ray absorption edges 

discovered in 1912 and X-ray 
absorption Fine Structure (XAFS) 
Spectroscopy noticed in 1920’s 
[Near Edge (XANES) 1920, 
Extended (EXAFS) 1929].    
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2. At that time spectroscopy was 
explained by electronic energy 
levels of Bohr. Near Edge fit Bohr, 
but not Extended. 

3. Kronig in 1931, 1932 in 2 
publications proposed EXAFS LRO 
theory based on electron energy 
bands and gaps in solids (Bloch). 
Wrong!   
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4. After discovery that XAFS 
occurred in molecules Kronig in 
1934 proposed a completely 
different theory, SRO theory, 
(related to modern theory except 
did not include Debye-Waller 
factor, mean free path and the 
correct phase shift. Also could not 
calculate the photoelectron-atom 
interaction correctly-no computers!)  
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5. EXAFS first called Kronig 

Structure. 
6. Kronig never appreciated that 

SRO correct for both molecules and 
solids, and LRO theory wrong, 
causing confusion for 40 years. 
Disagreement between theory and 
experiment because both were 
wrong!  Will now illustrate the 
experimental problems. Later in the 
Modern era section will discuss the 
error with the LRO theory of 
Kronig. 
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Reference: E.A. Stern, “Musings about 

the Development of XAFS” J. 
Synchrotron Rad., 8, 49-54 (2001). 
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Modern 
 

1. In 1965 Stern moves to UW, 
meets Farrel Lytle. Lytle has lab 
facility measuring EXAFS (before 
hard x-ray Synchrotron Radiation 
sources). Stern learns about 
EXAFS, has idea of modern theory 
in terms of the SRO theory, though, 
fortunately, he was not aware of the 
confused history of EXAFS. 

2. Dale Sayers, first Stern grad 
student at UW, PhD thesis on 
EXAFS: develop theory with Stern 
and measure with Lytle.  

3. Dale Sayers crucial role.  
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Dale had a crucial role, as excellent 
graduate students do, of performing 
most of the work on the initial theory 
and measurements, and developing 
the initial analysis software. Without 
his role there would not have been the 
continuity of effort to complete the 
transformation of EXAFS into its 
modern role as a local structure 
determination technique.  
 
After Dale had worked out, under my 
supervision, the point scattering 
theory of EXAFS, which had 
essentially all of the physics of the 
modern theory (the hard part of the 
photoelectron-atomic interaction was 
set as parameters to be determined 
experimentally by comparing to 
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known structures), I posed to Dale the 
final part of his thesis – how to use 
the theory not to fit known structures, 
but to determine unknown 
structures. The success of this 
collaboration culminated in the 
publication of the 1971 PRL and the 
awarding of the PhD at the University 
of Washington to Dale in 1972. 
[Sadly, Dale passed away last 
November at too early an age.] 

 
4. 1971, PRL and FT: Ushering in 

the modern era of XAFS.   
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The FT showed: 

• SRO correct and circumvented the 
historic difficulty of proving which 
theory was correct. 
• Way to determine structure by 
experimental standards (previously 
concentration on understanding 
EXAFS)  

1. Atomic + structure parameters 
present 
2. Can obtain atomic parameters 
by comparing with known 
structures’ EXAFS 
3. A series of three papers were 
then published which presented 
the details of how to use EXAFS 
as a structure determination 
technique. I. Theory [showed the 
mistake in Kronig LRO; gave 
standard and general form for 
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XAFS in SS]; II. Experiment 
[laboratory XAFS facility of 
Lytle]; III. Analysis [details of 
XAFS analysis and shows that 
the photoelectron-atom 
parameters are transferable 
between known structures and 
thus can be used to determine 
unknown ones for SS. Showed 
that MS effects were not present 
in first shell]. 
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The structure introduced by the BZBs is 
just a rearrangement of electron states 
near the BZB which does not change the 
integrated number of states. In the 
EXAFS region the KE of photoelectron 
is much larger than the interaction 
energy with the solid and the gaps are of 
the order of 0.1 eV and less. The 
perturbation is integrated over by a much 
larger photoelectron lifetime broadening 
(>1 eV) erasing its effect. Thus the 
EXAFS is caused by the scattering of a 
decaying free electron photoelectron.  
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4. Can then determine structure 
(single scattering) 

• SS and MS. MS requires theory. 
John Rehr and FEFF  (Josh Kas) 

5. Several years later, Stanford 
Synchrotron Radiation Project 
(now SSRL), Dale helped build 
first XAFS beamline; opened up 
Modern era of XAFS to general 
scientific community.  

 
 


